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DIGEST
The effect of artificial iespiratioa (AR). with and without antitoxin, was studied in monkeys with respiratory paralysis after intravenous admiinistrations of 5, 12, and 24 LD50's of Type A botulinum toxin. The AR was started after severe toxic signs had developed.. The average times to death in both groups were markedly delayed when compared with those of the untreated control group. The animals treated with AR only gradually became less responsive, appeared to be in a coma most of the time during the last day, and eventually died. In the group receiving a combination of AR, antitoxin, and adequate nursing care, two animals developed spontaneous respiration. It was necessary to give them AR intermittently. Eventually, they died from lung, consolidation or plugging of airway passages.
Those animals that failed to develop spontaneous respiration died during AR from oxygen insufficiency caused by congestion or consolidation of the lungs, or both.
In monkeys with respiratory paralysis from lethal doses of botulinurn toxin, AR, with and without antitoxin, aids in prolonging life; however, continued long-term treatmcnt may result in irreversible lung damage, probably caused by the method of AR.
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ARTIFICIAL-RESPIRATTON STUDIES IN MONILEYS INCAPACITATED B3Y EXPERIMENTAL BOTULISM
I.
INTRODUCTION.
Death from botulism is caused by respiratory paralysis. Artificial respiration (AR) may be of some value when respiration becomes difficult or is about to cease. Ili ,ild cab,:s of botulism, a tracheal cannula may improve respiratory ventilation; however, when the respiratory muscles become quite weak, mechanical assistance in respiration has been shown to be beneficial. The Drinker-type respirator (iron lung) has been used on some patients with botulism-n, but it has not always saved the victinm.
In the present study, AR, with and without antitoxin, was performed on monkeys after intravenous (iv) injection of botulinumn toxin to determine whether it is possible to reverse respiratory paralysis and to determine the complications that may be encountered with this type of therapy.
Special nursing care and supportive treatment, such as intragastric (ig) and iv or intraperitoneal (ip) feedings, were standard procedures used for the majority of animals.
HI.
EXPERIMENTATION.
A. Mate rials.
I.
Animals.
A total of 19 sooty rnangabey monkeys, weighing 6 to II kg, was used.
Z.
Toxin. The botulinurn tcxin, Type A, was similar to that described by Lamanna, McElroy, and Ekiund. 1 The mouse ip LD50 (MU) for this partially purified toxin was approximately 3 X 10-4 tg. The stock solution was prepared from the powdered material dissolved in a sterile gelatinphosphate buffer solution (10 gm of Na 2 HPO 4 and 2 gnm of Difco gelatin in I I of distilled water); the pH was adjusted to 6.8 by the addition of concentrated HIG. All stock solutions were assayed in mice for potency before they were released for these studies.
The potency of the diluted solutions ranged from 500 to 2, 000 MU/ml.
3.
Antitoxin. Bivalent botulinum antitoxin (equine origin, Ludt r-Ic), globuli-modified, Types A and B, unit of each, wvas used. Respirator (Drinker-Type). The equipment consisted of three distinct units: respirator cylinder, respiratory pump, and humidifier for in•spired air. Figures 1, 2, and 3 are photographs of the respirator assem-bly.
The respirator consisted of a Lucite cylinder, 6. 5 in. in diameter and Z1 in. long. A 6-in. extension to the cylinder was used for larger anitznals. A rubber collar fitted snugly around the tiinikey's neck. Thie itier section of the collar was gum rubber that stretched when slipped over the animal's head. A~metal plate held the collar in place at one end of the cylinder. Plastic slides and a head holder to support the neck were held in place with stud bolts in the end of the cylinder. On the other end of the cylinder was a plastic end plate with two small holes. A metal stopcock was applied to one hole and a hose connection to the other. Plastic guards were placed over the holes on the inner side to prevent tit animal from plugging the opening with its feet. A -cuum pressure gage on the side of the cylinder showed the pressure changes within the cylinder during a respiratory cycle when the respirator pump was in operation. The respirators, which were set in cradles, could be rotated from one side to the other (approximately 1500) by hand.
The platform supporting the respirator was hinged to the front edge of a table so that the platform could be tilted to elevate the posterior end of the respirator as much as 600. This was done to prevent the excessive secretions formed in the respiratory tract from flowing into the small bronchial tubes and to aid in the removal of the secretions.
A Harvard respirator pump, model No. 607, was used to create negative pressure in the cylinder, varying between approximately 3 and 18 cm (H 2 0). The rate of respiration was usually set at 20/min.
To prevent excessive drying of the secretions in the respiratory tract during AR, the humidity of the inspired air was increased. A copper "tube, 1 in. in diameter and approximately 30 in. long, was attached to a 2-1 bottle of water set in a large water bath that was kept at approximately '50 0 G. Air wvaas blown over the suriace ci the water in the Z-I bottle, through the copper tube connected to a plastic tube, and into a funnel-shaped cup over the face of the animal (figure 2). This arrangement supplied air with a high humidity at room temperature to an endotracheal tube.
5.
Resuscitator (An Automatic Positive-Pressure Type for Giving Oxygen Through an Endotracheal Tube). The AVR (anesthetizer, vaporizer, and resuscitator) apparatus made by National Cylinder Gas, Division of Chemetron Corporation, -as used when the animnal was removed fr-arn tle respirator and still needed AR.
During its operation, oxygen from a gas cylinder was passed through the AVR, which produced a complete cycle of respiration. REAR VIEW OF RESPIRATORS (Pumps are under table,and water bath  with humidifier is on floor) It automatically adjusted the volume of inspired oxygen to the size of the animal's lungs, rhythmically and automatically filling the lungs to 13 mm Hg pressure and causing exhalation at 9 mm negative peak pressure.
E.
Procedure.
Monkeys received the botulinum toxin iv in the following doses: 5, 12, and 24 LD50's (I LD50 for the rhesus monkey was reported by Herrero and coworkers 2 to be 40 MU/kg). Times of occurrence for selected toxic signs (ptosis of the eyelid, general weakness, and death) were recorded.
A group of nine untreated animals served as controls.
A group of four monkeys received only AR. Another group of six received both antitoxin and AR. The antitoxin (1, 000 to 2,700 units per animal) was given iv when the toxic signs were severe and some difficulty in breathing was noted. (One animal, No. 5, collapsed and was immediately placed in the respirator before antitoxin administration, which, in this case, was into a vein under the tongue.) AR was initiated when the animal was in severe respiratory distress and was near collapse. To reduce struggling of the animals while they were being placed in the respirator and to facilitate inserting the endotracheal tube to maintain an airway during AR, a small dose of a short-acting thiobarbiturate, such as Pentothal Sodium, Surital, or Kemithal, was administered iv.
After the animal was placed in the respirator, the assenmblyusually was rolled from one side to the other every 2 to 4 hr to reduce hypostatic congestion of the animal's lungs.
Furthermore, in most of the tests, the respirator was tilted about 350 to lower the head so that tracheal drainage would be away from the lungs. When animals were removed from the respirator for feeding, oxygen was supplied through the endotracheal tube by the AVR.
Most of the treated animals received some supportive treatment, usually beginning about 48 hr after administration of the toxin, which con&i6Led l either of ig feedirigs (milk mix), glucose (5%0) ip, or saline iv, or combinations of these and a vitamin supplement. An antibiotic (Cornbiotic) was also injected at this time.
Since there were no survivors, extension of time to death over that for the untreated controls was taken as a measure of therapeutic effectiveness. After an animal died, gross examination of the trachea and lungs was made in some instances. 
A.
No Treatment (Controls).
In the table are data on the times to occurrence of two prominent early toxic signs and times to death of untreated monkeys after iv injections of the toxin. Regardless of the dose, toxic signs were seldom seen before 20 hr. Usually ptosis, yawning, and abnormal head positions were the earliest signs, and these were followed by generalized weakness, increased salivation, and drooling (figures 4 and 5). Dyspnea, head and shoulders drooping forward, and collapse usually occurred several hours prior to death. All of the animals died. The larger doses usually resulted in earlier onset of toxic signs anddeath.
B.
Respirator Treatment With and Without Antitoxin.
The table shows a comparison of time to death after AR, AR plus antitoxin, and no treatment. The average times to death are taken as a rneasure of the effectiveness of treatment in the dosage levels studied. In all instances, the treated animals lived longer than the controls; this difference is statistically significant. The average survival time for the AR-treated animals (no antitoxin), though limited in number, appears to be longer than the average for the antitoxin-treated animals; however, this difference is not statistically significant.
From the subjective point of view, the antitoxin-treated animals always appeared to be more alert than those not receiving antitoxin. The ARtreated animals (no antitoxin) alternated between a state of alertness and coma, and they were less responsive to external stimuli during the last 24 hr prior to death. Deaths were caused by botulism or pulmonary complications resulting from prolonged AR.
The clinical courses of animals No. 46 and 53 are described in some detail because these monkeys were the only ones to develop spontaneous respiration Animal No. 46 (5. 0 LDSO's of toxin) had antitoxin, tursing care, drugs, and iv feedings. After the animal had been in the respirator for 33. 5 hr (67 hr postexposure), the pump was stopped for a moment to determine whether the animal would make any spontaneous effort to breathe. It was able to breathe, but with some difficulty. The air inhaled by the animal was enriched with oxygen. After 3. 5 hr, AR was resumed for another: 5 hr, after which the animal was transferred to an oxygen tent. The animal was able to stand up in the tent and move around, but was weak and quivering. At times,
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its head dropped forward. A gasping type of respiration, with considerable drooling, was observed. After 6. 3 hr in, the tent, the animal collapsed and died. Necropsy revealed a consolidated lung that possibly prevented oxygen transfer from the lungs to the blood. Details of treatment o1 tnii anirxal are given in the appendix.
Animal No. 53 (5.0 LD50's of toxin) received antitoxin and adequate nursing care. After 16 hr (36. 5 hr postexposure), the respirator was stopped; the animal was able to breathe spontaneously, but with difficulty. The animal was not removed from the respirator, but was supplied with oxygen or oxygenenriched air through the endotracheal tube for 6. 3 hr. It also received nourishment by stomach tube. When breathing appeared to be labored and of a gasping type, oxygen was administered by AVR for I hr. After this, the animal again breathed spontaneously and received oxygen-enriched air for 0. 7 hr and additional feedings.
This was followed by a 7. 3-hr interval of oxygen by AVR, after which the animal was placed in an oxygen chamber and allowed to breathe spontaneously for 13. 2 hr. During this period, the animal was weak and lay on its side most of the time. When disturbed, however, it could rise, stand on its feet, and fight with considerable vigor. Its mouth was pink, indicating that sufficient oxygen was supplied to the blood. On auscultation of the chest, the flow of air through the trachea sounded normal. The heart also sounded normal, the beats being strong and regular. The respiration rate was normal, although breathing was largely diaphragmatic.
After the animal had spent nearly 12 hr in the chamber, breathing became labored, and it was feared that death might ensue at any moment because of respiratory failure. The Lnonkey was then removed from the chamnber and given oxygen through a tracheal tube by means of the AVR. Another iv feeding was administered. Some improvement was noted, as reflected by the color of the mouth and positive palpebral response.
The AVR was stopped temporarily to see whether spontaneous respiration would be resumed. Respiration was inadequate, the animal becoming cyanotic and unconscious., Again AVR -was rcsum..ed , fo iearly an bour. The, color of the mucous membranes of the mouth indicated that AR was still inadequate; therefore, the AR was discontinued. The spontaneous respiration at this time was irregular and of a gasping type. The dying animal failed to respond to mechanical stimulation. Death occurred 78. 3 hr after administration of the toxin.
Upon necropsy, 15 gm of thick, reddish, mucuslike plugs were removed from the main-stem bronchi. The surface of the lungs appeared to be normal, except for .r--e ,mal , d
areas on utuh lobes. A cut section of one lobe showed small areas of congestion. A thick, whitish substance was pressed frorm the tissues. Death was attributed to pulmonary obstruction. 
Descriptions of some other treated animals, in which no technical difficulties were encountered in AR, are given in the appendix. Post-mortem examinations of some animals are included.
A review of all AR -treated animals that were necropsied shawed that I most of those that survived as long as 48 hr after the toxin had little or no lung-tiesue damage. Those surviving longer usa'ily did have lung involvement, which included lung consolidation, bronchopaeumonia, or pulmonary atelectasis. Cellular infiltrates of lymphocytes, polyrnorphonuclear leucocytes, and eosinophilu were also noted. The bronchial submucosa was edematous and hypersecretory.
IV.
DISCUSSION.
There is ample information available in the literature showing that botulinum antitoxin will prevent death when administered soon after the toxin and long before the appearance of toxic signs. In mice receiving 40 to 80 LD50's of toxin, the critical time for administration of antitoxin is a short time before any toxic signs appear.* It is known that antitoxin injected into the bloodstream of dogs neutralizes all the uncombined toxin in the circulation. 3 At present, there is no evidence that the portion of the toxin fixed by the tis sues is affected by antitoxin. in another study, 4 it was denmonstratedthat at least 80%6 of monkeys giventoxin iv in doses ashighas 5 LDS0's can be saved, provided the antitoxin is administered soon after the appearance of the first signs and that suitable nursing care is provided during the period of aphagia. Under these conditions, AR is usually not necessary; however, if the toxic signs are severe when antitoxin is given, then AR in addition to antitoxin may be of value in prolonging life. Such treatment, supplemented by ig feeding, could be lifesaving, provided that the air passages of the lungs have not become severely obstructed with mucus like debris or the lungs have not become congested or consolidated as a result of prolonged AR. In the studies on monkeys showing severe toxic signs before treatment, AR and antitoxin were not sufficiently effective to cause permanent recovery of any animal, possibly because of congestion or consolidation of the lungs, or both.
During the course of this study, 16 additional animals were treated in the manner described above with AR and antitoxin and 3 with AR and no antitoxin. These 19 animals are not included in the table. They were excluded because of various accidental technical difficulties encountered during the AR period, and the animals died from suffocation. These accidents usually occurred when no attendant was present. In borfe ioibLanceb, the tracheal tube slipped out of the trachea or the tracheal tube become plugged with dried) Crook, J. W., Cresthull, P., and Oberst, F. W. ',C U rmucuslike material. In several other instances, the respirator developed a leak at the seal around the neck, and the ania•-l did...' re-.pire. i O.c animal actuall. y showed initial signs of spontaneous respiration, being able to move its arms and legs and to make several feeble efforts to breathe, before the accident O :t urred. The averages of the times to death for these two groups of animals were significantly longer than those for the control group. Had the accident not occurred, the lifespan for each animal probably would have been longer. For 10 of these animals, deaths occurred between 41 and 76 hr after toxin.
A significant finding in this study was that temporary periods of spontaneous respiration occurred in two animals receiving antitoxin and AR after 5 LD50's of toxin. Spontaneous respiration, though not entirely satisfactory, was maintained until the gaseous exchange in the lungs was inhibited by lung consolidation or plugging of airway pas.sages. It is possible that complete recovery would have occurred if the lungs had been normal and capable of transporting oxygen to the blood. Animals not reported in this study that died from experimental mishaps 36 to 48 hr after injection of toxin usually had relatively normal-appearing lungs.
Usually, little or no tracheal debris was seen. Gross and microscopic examination of the lungs of animals surviving 60 hr or mnore showed considerable congestion and consolidation. Somne had confluent pneumonia. Usually, mucuslike debris was present in the trachea. Tracheitis was seen in some animals.
Herrero and associatesZ reported that they did not see these conditions in their untreated monkeys that lived longer than 60 hr after iv toxin. It is believed, therefore, that the lung conditionz; seen after AR are the result of mechanicalstrauma from AR and irritation from the tracheal cannula.
After examination of a number of lungs on necropsy, it was realized that treatment must be directed to the prevention of plugging of airways and consolidation of the lungs during AR. Since viscid, tenacious mucus was found in the trachea and in the airway passages of the lungs, attention was paid to the removal of this material from the trachea and to the prevention of its entrance %nzito the bronchi and lungs. Attempts to aspirate the viscous material were not fruitful; usually, only a small amount could be removed. Necropsy revealed that this material was spread on the tracheal wall in a thin layer.
Another technique for preventing the tracheal exudate from getting into the lungs was to elevate the posterior end of the respirator so that the head of the animal was lower than the lungs, thereby enabling some of the fluid in the trachea to drain away from the lungs. Actually, this position was more desirable for aspiration of the fluid, since some drained out of the endotracheal tube in one animal when the face was turned down. To prevent hypostatic congestion and lung consolidation caused by pooling of blood in the 17~-~-***•-.-underside of the lung, the animal was frequently turned from side to side.
T1hi. prv,.dui-u -wav of. ,oLvidv,-,able upit,.= Therje -was os-Le aiLinial, &xvt reported in the table, that was net turned in 30 hr; the entire underside of the lung was almost black and completely consolidated.
It may be of interest to compare the results of therapy on monkeys in these tests with that of a patient with botulism who received essentially similar therapy. In two papers, Tyler 5 , 6 reported his findings in a 64-yr-old patient with botulism. He treated this patient symptomatically, also giving 16, 000 units of polyvalent (Types A and B) botulinum antitoxin (Lederle) iv and AR (Bird respirator). After 5 days, the patient did not respond to resuscitative measures and died. Since neither of Tyler's papers contained a report from the autopsy, information was obtained directly from the author through the Department of Pathology, Peter Bent Brigham Hospital. The following statements are in the pathology report: "At autopsy an acute tracheobronchitis and marked confluent bronchopneumonia affecting mainly the left upper and to a lesser extent the right upper and left lower lobes, was found . . . The revere pneumonia was considered to be the immediate cause of death. " Organ weights were also given in the report. The lungs weighed 60% more than the average value for normal adults.
This increase in weight was probably due to the consolidation and congestion of the lungs.
The results of therapy during prolonged AR in this patient are quite similar to those in the monkeys used in this study. The main similarity is in the lung pathology after prolonged AR. Because of the severe congestion in the lungs or the plugging of bronchioles, the gaseous exchange in the lungs becomes inadequate.
This inadequacy resulted in cardiac difficulties and eventually in death.
Tyler also reported that his patient had decreased lacrimation and salivation. There was a dryness of the mouth. The sclera and corneas were very dry; but sw'.ating was normal, No mention was made of a thick mucoid discharge being present in the mouth and paranasal sinuses, as was seen in some of the monkeys at these Laboratories.
In some animals, the mnouth became full of the discharge because the animal usually was unable to swallow. This resulted in drooling; some animals would take their hands and pull some of the ropy material as strings from the mouth.
Miethylene blue crystals were placed in the mouth of one animnal. The animal was killed an hour later, and the esophagus and trachea were examined for the presence of methylene blue; none was found. A normal monkey, not given toxin, also received methylene blue. In this instance, the dye disappeared from the mouth, but was found in the esophagus and stomach; none was found in the trachea. it is po...blc that soic Of this Co..ul have come fronm the oral cavity, but this is not likely because no dye was found in the trachea. It is more likely that the material is secreted in the nmucosa of the trachea from the many goblet cells and mixed seronmucuas glands. A large number of these is also present in the mucosa of the sinuseb and may be the source of the thick, tenacious mucus seen in the mxouth. The salivary glands should not be ignored because they, too, contain mucus-producing cells, but the secretion from these usually does not have the characteristics described.
V.
CONCLUSIONS.
In monkeys with respiratory paralysis from lethal doses of botulinum texin, AR, with and without antitoxin, aids in prolonging life; however, continued long-term treatment may result in irreversible lung damage, probably caused by the method of AR. 80 cal) ; dextrose, 5016, iv (5 ml); saline, ip (100 ml); Gombiotic, im (Z ml) 89.7 Back on respirator 90.5 Amnino-Plus, ip (15 ml); saline, iv (100 ml) 91.5 Removed from respirator 91.7 02 through tracheal tube by AVR 92. 0 Armine, 1%6, im (0. 1 ml) 1 ml saline; dextrose, 501o, iv (5 ml) 91. 0 Armine, 1 j irn (0, 2 ml': milk mix, ig (50 ml) 95.5 Returned animal to respirator fcr AR 97.3 Died (sacrificed) During the last 18 to 24 hr, animal No. 50 periodically appeared to be unconscious, as no response was evoked by touching its eyelids. The heart rate was slower than normal, and, on auscultation, the heart sounds were sharp and distinct. This animal had received considerable nursing care and supportive treatment, such as antibiotics, dextrose, ig feeding, frequent turning of the respirator, etc. After 97 hr, it was thought that death -would Appendix 24 SI occur any moment, so the chest of the animal was opened. The heart continued to beat slowly and responded to an intracardiac injection of epinephrine; the force of contractions increased markedly within a minute. On necropsy, the trachea was found to contain small -'2ccs of fibrinlike clots, although the bronchi were free of mucuslike plugs. The uncut surface of the lungs appeared reasonably normal, except for small areas of congestion. This animal received better care after the toxin than any other animal studied. It lived longer than any other AR-treated animal. The monkey was regularly turned from side to side. It received fluids, liquid food, vitamins, and antibiotics during AR. Whenever the animal appeared to become comatose because of plugging of the endotracheal tube, removal of the obstruction and administration of oxygen restored consciousness. The trachea was aspirated frequently to remove mucus and other debris. During the last 24 hr, the animal gradually weakened; mouth and eye movements gradually disappeared. Body temperature became subnormal, and the animal passed into a state of shock and died.
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Si.
Internal Examination.
, here were focal, depressed, deep-red areas in the posterior segments of the lungs. The trachea was moderately hyperemic. There was 1a -cm, gritty, pultaccous, yellow, partly calcified mass partially adherent to the right adrenal gland. The endocardiurn of the left ventricular outflow tract was focally ecchymotic.
2.
Microscopic Examination. This animal received 5. 0 LD50's of toxin, and the times in hours to effects after toxin administration are as follows:
28.3 First toxic sign appeared: slight ptosis 35.0 Surital, iv (?r ml); placed in respirator, periodically turned from side to side, and aspirated trachea 48.0 Alert; blinks eyes 51.0 02; dextrose, 516, ip (200 ml) 72.7 Powdered-milk mix, ig (100 ml) with Octavitamin (I ml) 73.2 Dextrose, 57o, ip (330 ml) 73.7 Pupils fail to respond to light; monkey appears dead; 02 byAVR; no response to 02; respirator turned on again 74.0 No heart sound (dead); removed from respirator Animal No. 63 also received excellent nursing care, although it survived only 74 hr.
1.
Patchy areas of atelectasis in lungs. No other lesions noted.
Appendix Z7 2.
Microscopic Examination.
a. Kidney: Focal chronic inflammatory cells in a few of the interstitial areas of the cortex; inclusion bodics are seen in the renal pelvis.
b.
Bladder, uterus, stomach, liver, skeletal muscle, and heart: All normal.
C.
Ovary: Many follicleb present with one corpus.
d.
Intestine M Milk mix in 20 mril saline and 120 ml H-120 (250 cal) 71.3 Heart sound not as strong as on previous day, harsh rales, cracking and popping sounds in chest and tracheal tube; removed from respirator; penicillin procaine G, ir (300, 000 u); atropine, im (0. 14 mg/kg); Prostigmine, im (0. 004 mg/kg); rnilk mix, ig (300 cal) plus 20 ml tap water; 0 given by AVR 71.5 Returned to respirator; aspiration of fluid and thick reddish mucus from endotracheal tube; 02 given through endotracheal tube 71.7 Not responding as well, dazed, eye reflexes poor 73.5 Animal begins to roll eyes, pupils respond to light 74C 0 Dying 75.0 Dead (congestion of trachea and lungs) Monkey No. 5 received 24 LD50's of toxin. In addition to AT and AR, this animal was given liquid food by stomach tube several times and also various drugs parenterally. Prostigmnine was injected a number of times. From the results in this animal and from those in other Prostigmine-treated
Appendix 29 animals, it is doubtful that it was of any value as a therapeutic agent. This animal did not develop any signs of spontaneous breathing during AR. As death approached, rales and cracking noises were heard in the endotracheal tube, indicating the presence of fluid in the trachea. Some of this fluid was aspirated through a small tube inserted through the endotracheal tube. Only a small amount of thick, sticky, mucuslike, reddish material could be withdrawn. Perhaps this material plugged some of the bronchi and contributed to the lung congestion that was revealed by necropsy. In this 4nimal, AR was of little value even when oxygen was supplied.
On necropsy, the trachea contained a reddish, thick, mucuslike material, some of which extended into the bronchial tree. The trachea appeared to be inflamed. On the surface of the lungs were large, dark-red areas suggesting possible congestion in the tissues. Emphysema was also seen. Microscopic examination showed acute inflammation in the mucosa of the trachea. There were patchy areas of severe, acute pulmonary edema, congestion, and hemorrhage in the lung tissues. There was ample evidence that death was due to respiratory insufficiency secondary to the intoxication by the toxin.
I.
Gross Examination.
a. Intestine, stomach, diaphragm, kidney, liver, adrenals, and esophagus: Normal.
b.
Spleen: Normal, except for small, size.
c. Right lung: Intermediate lobe diffusely red throughout parenchyma; some emphysema.
d.
Left lung: Intermediate lobe same as right one; diaphragmatic lobes adhered to diaphragm by fibrin; alveolar spaces and bronchial tree contained serous fluids with red cells and small amounts of mucuslike material.
Z.
a. Lung: Patchy areas of severe pulmonary congestion, edema, and frank hemorrhage; aspirated bloody material se-n in the bronchi.
b.
Trachea: Acute inflammation of the mucosa. ExYernal Examination.
Head swollen arid edematous (monkey on 30° tilt in resuscitator at all times with head lower than body).
Z.
Fluid collected in tracheobroncbial tree; some of this fluid collected in the tracheal tube and dried out, occluded the air passage, and caused death. Lungs were not overinflated and contained some small areas of consolidatioui.
3.
Provisional Anatonmical Dianosis.
Death was caused by suffocation from occluded bronchi.
4, Microscopic Examin .tion.
a. Trachea: The submucosa of the tracheal epithelium is edemalous and moderately infiltrated with inflammatory cells consisting of lymphocytes, plasma cells, eosinophils, and PMN's. There are several focal areas where the inflammatory cells penetrate the lamina propria. The submucosal capillaries are congested. The epitheliurm, appears normal over most of its areas, except for one focus extending about one-quarter of the circumference. In this area, the epitheliumn appears shallow, with lo,.s of cilia. Nuclei along the surface lie longitudinally as in early squamous metaplasia. One small focus exists in this squamous area where the epithelium is drnuded down to the lamina propria and is covered in its stead by nuclear debris and PMN's. 
5.
Final Anatomical Diagnosis.
a. Tracheitis, mechanical.
b. Pulmonary emphysema and atelectasis.
c. Pulmonary congestion.
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